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Abstract
Studies investigating the effect of physical activity on risk for
developing osteoarthritis at weight-bearing joints have reported
conflicting results. We examine evidence to suggest that this may
be due to the existence of subgroups of individuals who differ in
their response to physical activity, as well as methodological issues
associated with the assessment of knee joint structure and
physical activity. Recommendations for future studies of physical
activity and the development of knee osteoarthritis are discussed.
Introduction
It is widely accepted that participation in physical activity is
associated with physical, psychological and social benefits
[1]. Physical activity not only reduces the risk for cardio-
vascular disease [2] (a major cause of mortality in developed
countries) but is also recommended for the management of
obesity and the treatment of mental illness [3]. Globally, a
vast number of large-scale public health campaigns is aimed
at promoting physical activity. Exercise is also widely
recommended by health care professionals in the prevention
and management of chronic health conditions such as
osteoarthritis (OA). However, our knowledge of the effect of
physical activity on risk for developing OA is limited.
OA is the most common joint disorder affecting the elderly. In
particular, radiographic knee OA affects at least 30% of
people aged over 60 years [4] and is a major cause of
functional disability [5]. With our population ageing, the
prevalence of OA in the developed world is expected to
increase and it is anticipated that OA will become the fourth
leading cause of disability in the coming decades [6]. A
population-wide initiative, such as promotion of physical
activity, has the potential to contribute inadvertently to the
growing burden of this disease.
Epidemiological studies that have investigated the effect of
physical activity on the knee joint have reported conflicting
findings. Although some studies have reported that physical
activity is associated with risk for knee OA [7-9], other
studies have shown that physical activity may have no effect
[10,11] or may even protect the knee joint from degenerative
changes [12,13]. These conflicting findings may be a result
of individual variation in response to exercise and/or different
methodology employed by studies to measure knee structure
and physical activity.
We propose that there may be subgroups of individuals who
differ in their response to physical activity within our com-
munity. Although some individuals may have specific charac-
teristics that enable them to exercise without increasing their
risk for knee OA, others may require these individual factors
and/or their exercise programme to be modified before they
can commence or continue to exercise safely. In this review,
we examine the roles played by a number of parameters that
may mediate the relationship between physical activity and
knee OA. We focus on the role of physical activity in the risk
for developing OA, and do not consider its effect on those
individuals with established OA. We also suggest that the
methodology used to assess knee joint structure and physical
activity might have contributed to the conflicting results
between studies of physical activity and knee joint health.
Methods
We conducted electronic searches of the Medline and
EMBASE databases between 1980 and September 2007 to
identify relevant studies for this review. The search involved
the use of MeSH (medical subject headings) and ‘free text’
words, including physical activity, exercise and knee
osteoarthritis, and was limited to studies relating to humans
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and published in English. The reference lists of relevant
articles were also screened to identify additional studies. We
identified epidemiological studies that investigated the effects
of age, sex, body mass index (BMI), knee injury and/or knee
alignment on the relationship between physical activity and
risk for developing radiological, symptomatic and physician
diagnosed OA.
Results
Our Medline and EMBASE searches identified 193 and 601
potentially relevant papers, respectively. We identified 12
studies that met our inclusion criteria; nine of these examined
the effect of age and/or sex (Table 1), four investigated BMI
(Table 2) and four considered knee injury or alignment
(Table 3). A variety of methods were used to examine knee
OA. Seven studies [11,12,14-18] used radiographic methods;
four [8,10,13,19] based their assessment on self-reported,
physician diagnosed OA; three [11,19,20] examined self-
reported symptoms; and a further two [15,16] involved a
clinical assessment. All studies used a self-report measure to
examine physical activity (Tables 1, 2 and 3).
Potential roles of mediating factors
Age
A number of studies have examined the influence of age on
risk for developing knee OA in physically active individuals.
Most of these investigations examined individuals in a specific
stage of the lifespan, including early [20], middle [12] and
later life stages [14]. Although individuals who reported being
active at the age of 14 to 19 years or 20 to 24 years had no
increased risk for OA as compared with inactive age-matched
control individuals [20], a lower prevalence of OA was
reported in middle-aged, physically active teachers (age
range 48 to 60 years) as compared with control individuals
[12]. In contrast, a cohort study of elderly individuals (age
[mean ± standard deviation]: 70.1 ± 4.5 years) found heavy
physical activity (including activities such as lifting objects
>5 lb [>2.27 kg], gardening with heavy tools and strenuous
sports) to be associated with risk for knee OA [14].
Although these studies provide insight into the effect of
physical activity on risk for knee OA in specific age groups,
they do not directly compare the risk for OA across
individuals of different ages [8] (Table 1). A longitudinal study
of 16,961 individuals (aged 20 to 87 years) conducted over
10 years [8] examined the risk for developing hip or knee OA
in younger (20 to 49 years) and older individuals (≥50 years)
with varying levels of activity. The results showed a positive
association between high levels of physical activity (walking
or jogging ≥20 miles per week) and the incidence of hip or
knee OA in younger men but not in older men. It has been
suggested that these findings may be the result of a greater
incidence of injury in younger individuals.
Overall, these studies suggest that the effect of physical
activity on knee joint health may differ across the lifespan.
Moreover, the findings highlight the need for further
longitudinal investigation to stratify the responses of physical
activity to knee joint health for individuals of different ages.
Gender
Although several studies have reported sex to have no
influence on risk for developing OA in physically active
individuals [10,11], there is contrasting preliminary evidence
to suggest that sex may play a significant role [8,13]
(Table 1). A 10-year longitudinal study of 12,888 men and
4,073 women [8] identified a positive association between
high levels of physical activity and risk for developing hip or
knee OA among young men (<50 years) but not among
young women. A nested case-control study of 1,827 men
and 583 women [13] also identified sex-specific differences
in physical activity and risk for hip and/or knee OA.
Specifically, men exhibited a reduced risk for hip or knee OA
if they performed moderate/high joint-stress activity (defined
according to intensity, frequency and rate of joint injury,
impact and torsional loading), whereas women had a reduced
risk for OA regardless of the level of physical activity that they
performed (low or moderate/high).
Several hypotheses have been proposed to explain why
physically active males and females differ in their risk for
developing OA. Cheng and coworkers [8] suggested that OA
in men may be a result of injury and specific types or intensity
of physical activity, whereas OA in women may be more
strongly associated with systemic and metabolic components
such as BMI, caffeine use and/or smoking. It is also possible
that sex-specific differences in biomechanics and body
composition may influence the effect of physical activity on
joint health. Overall, these findings highlight the need to
consider the role of sex when examining the relationship
between physical activity and risk for knee OA.
Body mass index
Although obesity is a major risk factor for development of
knee OA [21], it is unclear whether overweight individuals
who exercise may further increase their risk for joint damage.
It is possible that excess mass may, in the presence of
activity, impart axial loads that stress joint structures beyond
their physiological capabilities and cause accelerated joint
degeneration. Several studies of physical activity and OA
have investigated high BMI as a potential effect modifier
(Table 2) [10,11,14,15]. A 12-year longitudinal study
conducted by Hootman and colleagues [10] demonstrated
that BMI did not modify the relationship between moderate
physical activity and risk for self-reported, physician diag-
nosed knee OA. Similarly, Felson and coworkers [11] also
identified no increased risk for radiographic knee OA in
middle-aged and elderly persons who had a higher BMI and
participated in recreational exercise. However, McAlindon
and colleagues [14] found that obese, elderly individuals who
participated in heavy physical activity (including lifting objects
>5 lb [>2.27 kg], gardening with heavy tools, brisk cyclingPage 3 of 10
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fand other strenuous sports) were at greater risk for knee OA
than those individuals in the lower tertile of BMI. Similarly,
increased risk for knee OA was reported in former elite-level
athletes with a higher BMI (at age 20 and 30 years) [15,22].
These findings suggest that individuals with a higher body
mass may participate in moderate/recreational activity without
increased risk for knee OA, but involvement in heavy physical
activity increases their risk. Further longitudinal investigation
that accurately examines the level of physical activity in obese
individuals is required to confirm these preliminary results.
Body composition
Although the aforementioned studies tended to examine
excess body mass in the context of knee OA, the measures
employed (either weight [kg] or BMI [kg/m2]) cannot differen-
tiate between fat and fat-free mass. Toda and coworkers [23]
recruited 22 patients with knee OA and a BMI greater than
26.4 kg/m2 and implemented several interventions, including
a 6-week walking programme. A decreasing percentage of
body fat and increasing physical activity were shown to be
more important than other indices of obesity, such as body
weight, in producing symptomatic relief from OA. Such data
suggest that physical activity leading to a reduction in body
fat may prove beneficial to knee joint health in individuals with
established knee OA.
Other studies that have examined the effect of body
composition and knee joint structure have demonstrated that
fat mass may be one of the determinants that mediate the
association between excess body mass and joint abnor-
malities, such as the reduction in cartilage volume and the
presence of cartilage defects [24-26]. Physical activity may
therefore represent a management strategy to reduce total fat
mass among obese individuals and subsequently improve
their joint health. However, given that physically active, obese
individuals (as indicated by BMI) may have relatively greater
muscle mass than adipose tissue, future studies of physical
activity and knee joint health would benefit from body
composition analyses rather than crude adjustments for the
BMI alone.
Muscle strength
The strength of the quadriceps is believed to be important in
stabilizing the knee joint and protecting articular surfaces
from high loads. In a prospective, longitudinal study of 342
elderly, community-based adults, quadriceps weakness was
shown to be a risk factor for the development of knee OA
[27]. An association between muscle mass and a reduction in
the rate of cartilage loss has also been reported in a
longitudinal investigation of 86 healthy men and women in
midlife [24]. Moreover, a recent, randomized, attention-
controlled trial of 221 older adults [28] identified a lower
prevalence of radiographic progression of knee OA when a
lower extremity strength training group was compared with a
group of individuals who performed range of motion exercises
over a 30-month period.
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.These studies indicate the importance of muscle mass in
protecting the structures of the knee joint and the need for
longitudinal studies to account for this factor when exploring
the influence of physical activity on knee OA. It may be that
certain individuals will respond better to graduated
strengthening programmes, rather than being encouraged to
commence exercises that require significant baseline
strength. However, it is also possible that individuals with a
certain biomechanical profile, such as genu varum or
ligamentous laxity, who increase their muscle strength may
also inadvertently accelerate degenerative changes in the
knee joint [29]. Thus, alignment may need to be considered
to ensure that prescription of exercise is safe.
Previous injury
Injury to joint structures, such as the menisci or cruciate
ligaments, is a known risk factor for development of knee OA
[30]. Meniscal injuries are the most common injuries to the
knee [31]. Although meniscal surgery is performed on almost
1.7 million people each year [32], this procedure has been
reported to increase joint laxity and to lead to cartilage
destruction and premature OA [33]. Similarly, injury to the
anterior cruciate ligament (isolated or combined with
meniscal or collateral ligament injury) has been shown to
predate osteoarthritic changes in 60% to 90% of patients 10
to 20 years after injury [33].
Although some but not all epidemiological studies have
included individuals with previous knee injuries and subse-
quently accounted for past history in regression models
[7,13], it is possible that residual confounding remained
because those exercising more vigorously were more likely to
sustain an injury. It is well established that previous knee
injury increases the risk for OA in physically active individuals.
Several studies of physical activity and knee joint health have
reported an association between risk for OA and previous
knee injury (Table 3). Thus, a greater understanding of the
types and intensities of exercise appropriate for individuals
who have suffered a previous knee injury is required. In
addition, more stringent study designs are required to better
account for a past history of joint injury as a potential
confounder among studies examining the relationship
between physical activity and knee OA. However, it is
considered optimal for people with a previous knee injury to
be excluded from future study designs if the intention of a
study is to examine the association between physical activity
and primary knee OA.
Joint alignment
Static factors
Minor alterations in joint alignment can affect the normal load
distribution imparted to the articular surfaces of a joint.
Specifically, a 4% to 6% increase in varus alignment has
been shown to increase loading in the medial compartment of
the knee by up to 20% during single limb stance [34].
Moreover, both varus and valgus knee alignment have been
shown to be associated with increased risks for joint space
narrowing in the medial and lateral compartments, respec-
tively, as well as the presence of osteophytes [35]. A recent
longitudinal study including 1,501 participants [36] found
that an increasing degree of varus alignment was associated
with both development and progression of knee OA (when
both tibiofemoral compartments were assessed together).
Moreover, joint alignment has been shown to increase the risk
for OA progression in individuals with knee OA [37].
However, there is a paucity of data on the effect of joint
malalignment on risk for developing OA in physically active
individuals. A study of 20 middle-distance and long-distance
runners (mean age 39 years) who had been competing for at
least 5 years and developed knee pain [16] revealed that
genu varum was associated with degenerative changes of the
knee (Table 3). To our knowledge, no other studies have
directly investigated whether individuals who exercise in the
presence of genu varum or valgum are at a greater risk for
developing OA than individuals with neutral alignment.
However, there is evidence to suggest that lateral wedge
orthoses and knee braces may reduce the load on the medial
compartment and improve the symptoms associated with OA
[38]. In addition, a study of 300 community-based individuals
with knee OA [39] examined the relationship between obesity
and knee OA and found that joint alignment mediated the
effect of obesity on knee OA. These studies not only highlight
the effect of knee alignment on the development and
progression of knee OA, but they also indicate that there is a
need for future studies of physical activity and knee joint
health to consider this potentially mediating factor.
Dynamic factors
As well as static knee alignment, dynamic biomechanical
measures are likely to be important in mediating the role
played by physical activity in development of knee OA. The
peak external knee adductor moment during late stance,
which is arguably the major determinant of medial tibio-
femoral load during dynamic tasks such as walking, has
proven to be associated with medial tibial bone size [40] and
is of greater magnitude in people with knee OA [41,42].
Nevertheless, no study examining the role of physical activity
in knee OA has accounted for knee adductor moment
variability. Although the acquisition of these data requires
adequate facilities for gait analysis, its potential role in
mediating the relationship between physical activity and knee
OA cannot be underestimated. It is our recommendation that
future studies examining the influence of physical activity on
the natural history of joint disease account for, or at least
acknowledge, the differential impact that variations in
biomechanical measures can have across the knee joint.
Issues related to measurement of joint
structure
The use of different methods to measure the development of
OA may also have contributed to inconsistency in results
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Although some studies used radiographic measures of joint
structure, including joint space width and/or the presence of
osteophytes [7,11,14], others have based their assessment
on individuals’ self-reported symptoms [20] or self-reported
presence of physician-diagnosed OA [8,13] (Table 1). In
addition, two studies [16,19] performed clinical examinations
of the knee joint.
There are methodological issues associated with each of
these techniques, with self-reported data potentially influen-
ced by poor recall, and the accuracy of physician diagnosed
OA questionable. Moreover, indirect measurement of the joint
space width as a surrogate for articular cartilage has proven
to have inherent problems with respect to validity, reliability
and sensitivity to change [43-45]. Thus, studies that have
relied on radiographic measures of joint space may have
missed an effect of physical activity on structural abnor-
malities, including cartilage defects and bony enlargement,
which cannot be detected radiographically.
An over-reliance on the presence of osteophytes to diagnose
knee OA may also have influenced the results of radiographic
studies examining knee joint structure. The presence of
osteophytes is required for diagnosing knee OA using the
Kellgren and Lawrence grading system [46], and measure-
ment of osteophytes is associated with greater reproducibility
than that of joint space narrowing [47]. Even if osteophytes
are more prevalent than joint space narrowing in physically
active individuals, it is possible that this finding represents the
effect of musculoskeletal traction forces produced by
exercise, not direct cartilage damage to the knee joint [48].
Recently, a small number of studies have used magnetic
resonance imaging (MRI) to assess the relationship between
physical activity and knee joint structure. Although radio-
graphs use ionizing radiation to provide a two-dimensional
approximation of articular cartilage, MRI visualizes joint
structures from a three-dimensional perspective without
exposing the patient to radiation. MRI is recognized to be a
valid, accurate and reproducible tool for measuring articular
cartilage volume and cartilage defects [49].
A cross-sectional study of 176 community-based women
[50] revealed that participation in vigorous activity (activity
leading to sweating, shortness of breath, or an increased
pulse rate) was associated with greater medial tibial cartilage
volume. A longitudinal study of healthy, recreational long-
distance runners [51] demonstrated no significant knee
structural change at 6 to 8 weeks after a marathon. Moreover,
there is accumulating evidence demonstrating that physical
inactivity adversely affects cartilage development in children
[52] and predisposes to rapid cartilage loss in adults [53].
Thus, MRI studies to date have consistently shown a
beneficial effect of physical activity on knee joint cartilage
[50-54].
In summary, although several techniques are available to
measure knee joint structure in studies of physical activity,
use of these techniques might have resulted in conflicting
results in terms of the effect of physical activity on risk for OA.
Radiographic assessment of both joint space narrowing and
osteophytes is associated with issues of measurement and
interpretation. We propose that a technique that is reliable
and valid, examines different features of OA, and is sensitive
to change in both healthy and OA populations must be
consistently used in longitudinal investigations if the influence
of physical activity, and of other potentially mediating factors,
on knee joint health is to be clearly defined.
Issues related to measurement of physical
activity
It has been suggested that use of self-report surveys to
measure physical activity has contributed to inconsistency in
findings between studies examining the relationship between
physical activity and knee joint health. Although surveys are
easy to implement in large cohorts and provide important
physical activity data, they are associated with over-reporting
of activity [55] and reduced accuracy for moderate intensity
physical activity [56], poor recall over longer periods [55] and
only moderate reproducibility [57]. An alternative, accelero-
metry, provides an objective and reliable measure of the
frequency, duration and intensity of physical activity [58].
Although expensive and impractical for use in large cohorts,
we propose that future longitudinal studies consider use of
accelerometry in random samples of participants. This will
allow investigators to confirm the accuracy of self-reported
survey data, to ensure that those in different physical activity
groups actually differ in their types and/or levels of activity,
and to confirm that participants’ physical activity patterns
remain consistent over the course of the study.
Assessment of physical activity is further complicated by the
different features of physical activity, including the type,
intensity, frequency and duration, that can be examined. For
instance, although Cheng and coworkers [8] assessed
participants based on the distance they walked or jogged per
week (for example, high activity was jogging or walking
≥20 miles/week), Rogers and colleagues [13] used a variety
of self-reported activities to categorize participants into
low/moderate or high joint stress groups. A small number of
studies have performed subanalyses to investigate the effect
of different aspects of physical activity on risk for OA. For
instance, Hootman and coworkers [10] examined the
association between hip/knee OA and training frequency,
pace and total weekly mileage in a subgroup of participants,
but they identified no association. It is clear that direct head-
to-head comparisons of different dosages of physical activity,
in particular those recommended by national health bodies,
using reliable and valid measures are required.
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In this review we examine possible reasons for the conflicting
results arising from studies of physical activity and knee joint
health, and we propose possible approaches that may be
used in future investigations (Table 4). Novel methods that
can be used to examine knee structure directly from health
through to disease may overcome some of the problems
associated with the use of radiography to examine knee joint
structure. A more comprehensive examination of various knee
structures and the implementation of objective and accurate
assessments of physical activity may also enhance our
understanding of the mechanism by which physical activity
affects the knee joint.
Addressing these methodological issues will allow studies to
explore the role of biophysical factors within an individual that
may influence the effect of physical activity on risk for OA.
There is evidence that factors such as age, sex, body mass
and previous knee injury may influence knee joint health in
physically active individuals. Rather than a uniform approach
to the implementation of physical activity, we may find that
certain types of exercise have different effects on different
people and that individually tailored exercise programmes are
needed to allow exercise to commence safely. In a society
that is ageing and being encouraged to be physically active,
such programmes may have the potential to reduce the
growing burden of OA.
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